We identified different diarrheagenic (DEC)Escherichia
Diarrhea continues to be one of the most common causes of morbidity and mortality among infants and children, especially in developing countries (WHO, 2002) . The etiological agents of diarrhea include a wide range of viruses, bacteria and parasites. Among the bacterial pathogens, diarrheagenic Escherichia coli (DEC) is an important agent of endemic and epidemic diarrhea worldwide (Nataro & Kaper 1998) .
DEC strains can be classified into six main pathotypes on the basis of their specific virulence properties, association with some serotypes, and different epidemiological and clinical features.
Enteropathogenic E. coli (EPEC) cause a histopathological lesion known as "attaching and effacing" (A/E). Strains of the A/E genotype, which do not possess the Enteropathogenic E. coli adherence factor (EAF) plasmid, are classified as atypical EPEC (a-EPEC) (Trabulsi et al. 2002) . The term Shiga toxin-producing E. coli (STEC) is now used to define any E. coli strain that produces Stx, and enterohemorrhagic E. coli (EHEC) is used to denote the Stx-positive strains that also contain locus of enterocyte effacement (LEE) (Kaper et al. 2004) .
Enterotoxigenic E. coli (ETEC) are associated with watery diarrhea among children in developing countries and are the main cause of traveler's diarrhea in adults visiting endemic areas. Enteroaggregative E. coli (EAEC) are defined as E. coli strains that adhere in vitro to HEp-2 cells in a pattern known as autoaggregative. Enteroinvasive E. coli (EIEC) are capable of invading the colonic epithelium and spreading from cell to cell, which may occasionally cause dysentery. Diffusely adherent E. coli (DAEC) are defined by a characteristic diffuse pattern of adherence to HEp-2 cells (Nataro & Kaper 1998) .
The identification of DEC cannot be based only on cultural and biochemical criteria, since they are indistinguishable from the non-pathogenic E. coli commonly found in human feces. Moreover, specific serotyping is not always correlated with pathogenicity. Since several virulence factors and DNA sequences of DEC have been identified, they can be determined by the presence of genes coding for specific virulence factors, which are absent in non-pathogenic strains. Polymerase chain reaction (PCR) is a commonly used method that gives rapid, reliable results, and shows high sensitivity and high specificity. Several PCR methods, with both single and multiple target genes, have been reported for detecting the different DEC pathotypes. In order to simplify the identification, we developed a multiplex PCR combining five specific primer pairs for EPEC, STEC, ETEC, and EAEC virulence genes, to detect these pathotypes simultaneously in a single-step reaction. Since the incidence of EIEC is very low and DAEC is not well defined as a distinct pathotype, their detection was not included in this study. Study population -From February, 2003 to September, 2004 , stool samples from 1,207 children (1 to 10 years of age) were collected as part of a case control study, with the aim of identifying risk factors for diarrhea, involving 3,234 children (< 10 years of age) in the city of Salvador, which included 1,688 cases and 1,676 controls. Cases and controls were selected from patients of five outpatient clinics from various areas of Salvador, state of Bahia, Brazil. Cases were defined as children whose main complaint was acute diarrhea, characterized by the occurrence of three or more, loose, liquid, or watery stools in a 24 h period. Controls were children being seen at the same clinics for reasons other than diarrhea, without any gastrointestinal symptoms for at least 21 days before inclusion in the study. Clinical and epidemiological information were obtained through questionnaires. The global case-control study sample consisted of 1,688 diarrhea cases and 390 controls (23% of the total 1,676 controls), and the present study included 1,020 diarrheic and 187 control children, representing a partial analysis of the case-control study.
Pathogen identification -Stool samples collected in Cary-Blair transport medium were cultured on different solid media. MacConkey agar (Merck) was used to select E. coli isolates. As a rule 2-3 lactose-fermenting colonies, presumed to be E. coli by colony morphology, were selected and submitted to biochemical tests. E. coli isolates were stored at -80°C in trypticase soy broth (TSB) supplemented with 20% glycerol for further procedures. Bacterial testing for Salmonella, Shigella, Yersinia, Aeromonas, and Campylobacter jejuni-coli was conducted using standard procedures (Steele & McDermott 1984 , Koneman et al. 1997 . Adenovirus, Astrovirus, and Rotavirus (group A) were identified by enzyme immunoassay (Biomanguinhos, Oswaldo Cruz Foundation) and polyacrylamide gel electrophoresis (PAGE). Parasitological examinations for helminthes and protozoa were conducted using the Kato-Katz (Katz et al. 1972 ) and sedimentation (Koneman et al. 1997 ) methods. To test for Cryptosporidia sp, stool specimens were sieved and submitted to the formol-ether concentration method (Allen & Ridley 1970) .
Multiplex PCR -DNA templates for PCR were obtained from overnight E. coli cultures that were pelleted, resuspended in 500 µl of sterile deionized water and boiled for 10 min. The multiplex PCR was developed by combining five specific primer pairs for EPEC, STEC/ EHEC, ETEC, and EAEC virulence genes, as described in Table I . Each multiplex reaction was performed in a 50 µl final volume containing 1 µl of the template DNA, 0.2 mM DNTPs, 10 mM Tris-HCl (pH8.8), 1.5 mM MgCl 2 , 50 mM KCl, 2 U Taq DNA polymerase (Invitrogen), and 10 pmol of each primer (Biosynthesis). The thermocycling conditions were as follows: 94°C for 5 min, 94°C for 45 s, 50°C for 1 min, and 2 min and 72°C for 35 cycles, with a final 9 min extension at 72°C. Amplified samples were evaluated by 1% agarose gel electrophoresis in Tris-borate-EDTA buffer and ethidium bromide staining.
DEC detection -DNA templates from the stored E. coli isolates were submitted to multiplex PCR as described above. The eae-positive strains were tested by PCR for the presence of EAF plasmid, as described by Franke et al. (1994) . In all experiments, the prototype EPEC E2348/69, EAEC 042, ETEC H10407 (LT), ETEC C275/15 (ST), and EHEC O157:H7 strains were used as positive control, while E. coli K12 DH5α was the negative control.
Serotyping -The somatic (O) and flagellar (H) antigens of STEC (eae positive) strains and typical EPEC were determined by standard agglutination methods using O1 to O172 and H1 to H51 (Orskov & Orskov 1984) . Statistical assessment was performed using Pearson's chi-square test, where values < 0.05 were considered statistically significant.
RESULTS
A total of 1,020 children with diarrhea and 187 control children without diarrhea were studied. Diarrheagenic E. coli was isolated from 25.4% of the children with diarrhea (259 patients) compared with 18.7% of children without diarrhea (35 patients). The frequency of each DEC pathotype is shown in Table II . The most frequently isolated was EAEC (10.7%), followed by atypical EPEC (9.4%), ETEC (3.7%), and STEC (0.6%). Typical EPEC was detected only in one sample (0.1%), and it belonged to serotype O142:H34. Thirtytwo ETEC strains were positive for the LT gene and five for the ST gene, while seven strains possessed both genes. Only four patients displayed two pathotypes simultaneously (a-EPEC and EAEC -3 patients; EAEC and ETEC -1 patient). E. coli strains containing the target genes were not identified in the stools from the other 152 (81.3%) patients without diarrhea and 761 (74.6%) patients with diarrhea. The three STEC strains that had eae gene identified by PCR belonged to serotypes O157:H7, O26:H11 (control patients), and O111:H -(case patient). DEC was isolated in the stools as the sole enteric pathogen agent in 199 (67.7%) of 294 patients, and in the remaining 95 (32.3%) children, DEC was associated with some other pathogens (Table III) . 
DISCUSSION
Phenotypic assays are routinely used in most laboratories to characterize DEC strains. However, these methods alone are not sufficient to identify all five pathotypes of DEC (Brandal et al. 2007 ). The genes encoding virulence factors are extensively studied and characterized, and several PCR methods have been developed to identify the virulence genes of DEC (Kimata et al. 2005) . Numerous multiplex PCR assays have been developed to identify DEC, and assays were recently described that are capable of distinguishing the five pathotypes of DEC (Aranda et al. 2004 , Nguyen et al. 2005 .
In this study, five distinct pathotypes and subpathotypes of diarrheagenic E. coli were detected in children with and without acute diarrhea in Salvador, Bahia. We were able to save time and effort involved in testing for various virulence factors, reducing the number of gene detection assays by developing a multiplex PCR method that has been shown to be highly sensitive and specific, using primers for the different DEC pathotypes in a single reaction.
EAEC was the most commonly isolated pathotype, followed by atypical EPEC, whereas the frequency of t-EPEC was very low. In addition, we identified seven STEC strains, and three of these strains harbored the eae gene, but two of them were from control patients. Interestingly, the only one O157:H7 STEC strain identified in this study was isolated from a child without diarrhea. The prevalence of the pathotypes studied in children with diarrhea was not significantly different from children without diarrhea.
ETEC and EAEC have been frequently detected in children with diarrhea in studies conducted in Brazil and in other countries (Gomes et al. 1991 , Nataro & Kaper 1998 , Scaletsky et al. 2002 , Zamboni et al. 2004 , Regua-Mangia et al. 2004 , which is in agreement with the results reported in this study. EAEC is emerging as an enteric pathogen of great concern, responsible for acute and persistent diarrhea (≥ 14 days) and may cause malnutrition and growth defects in children. These strains have been associated with traveler's diarrhea in both developing and industrialized countries, and have been isolated in immunocompromised patients (Nataro 2005) .
Previous studies were conducted in Salvador, Bahia to determine the presence of DEC in acute endemic diarrhea. Tornieporth et al. (1995) analyzed stool samples from children with and without diarrhea by PCR. They only investigated virulence marker genes of ETEC, EPEC, and EIEC, identifying 16%, 8%, and 1% of the children with these pathotypes, respectively. Another epidemiological study conducted by our group examined children with acute endemic diarrhea in Salvador, by colony blot hybridization including other virulence factors (Franzolin et al. 2005 , Barreto et al. 2006 . The most frequently isolated was atypical EPEC (10.1%) followed by ETEC (7.5%), and EAEC (4.2%). STEC eae-positive (serotype O26:H11), STEC and typical EPEC were each detected once.
In the present study we analyzed a greater number of patients and also included controls. The isolation of only one typical EPEC strain confirms a recent trend that has been observed in São Paulo and in other Brazilian states , Franzolin et al. 2005 , showing a drastic decline in the frequency of typical EPEC with the frequency of atypical EPEC strains on the rise. Up to the 1990s, typical EPEC was the main cause of acute diarrhea in children younger than one year old, of low socio-economic status, in Brazil (Gomes et al. 1991 , Trabulsi et al. 2002 , Regua-Mangia et al. 2004 ), but such is currently very rare. This situation also occurred in developed countries, where up to the 1960s typical EPEC was frequently isolated as the cause of outbreaks and sporadic cases of diarrhea, but is currently very rare, while the frequency of atypical EPEC strains has increased (Afset et al. 2003) . Outbreaks of adult gastroenteritis due to atypical EPEC have been reported (Viljanen et al. 1990 , Hedberg et al. 1997 . t-EPEC have not been isolated from animals (Nataro & Kaper 1998) , and thus humans appear to be the unique living reservoir for these organisms. It is likely that the frequency of t-EPEC has been influenced by the recently improved public health measures, such as more efficient control of hospital infections and implementation of sanitary conditions, more so than the frequency of a-EPEC and EHEC which are hosted by humans and animals (Trabulsi et al. 2002) . This is the second time that STEC/EHEC strains were isolated in Salvador, but to our knowledge, the O157:H7 serotype has been isolated in this city only in the present study. However, O157:H7 and O26:H11 serotypes were isolated from children belonging to the control group. No blood was reported in the feces of the children with STEC/EHEC. In Brazil, infections due to STEC have been identified in sporadic cases of non-bloody diarrhea, particularly in young children (Gomes et al. 1996 , Cantarelli et al. 2000 , 2005 , Bastos et al. 2006 . Irino et al. (2002) isolated three O157:H7 strains from bloody diarrhea, and one HUS case due to an O26:H11 strain has been recently described in São Paulo, Brazil . Among non-O157 STEC, serotypes O111:NM, O111:H8, and O26:H11 have been identified as agents of infantile diarrhea in São Paulo, since the late 1970s . STEC/EHEC are frequently detected in food and in animal reservoirs in Brazil (Cerqueira et al. 1999 , Leomil et al. 2003 , Bastos et al. 2006 ), but only some of the serotypes identified in animals have been recognized as causes of human illness. Bastos et al. (2006) studied eighteen strains of the O157:H7 serotype isolated from animals and from bloody diarrhea and HUS in humans during different surveys conducted in Brazil, suggesting that this serotype is emerging in this country. These findings point to the need for more effective measures from our public health services.
Tests for the presence of other pathogens were according to standard methods: Ascaris lumbricoides, Ancylostoma duodenale, Trichuris trichiura, Entamoeba coli, E. histolytica, Giardia lambia, Cryptosporidium parvum, C. jejuni-coli, Astrovirus, Adenovirus, and Rotavirus . No other bacterial pathogens were isolated in the patients infected with DEC, but 32.5 % (95 patients) of them also carried parasites or viruses, mainly Rotavirus, which is associated with severe acute, watery diarrhea.
